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(54) Tree resistant cable 

(57) A composition comprising: 

(i) polyethylene, and, based on 100 parts by weight 
of component (i), 

(ii) about 0.3 to about 0.6 part by weight of 4.4'-thio- 
bis(2-methyl-6-t-butytphenol); 4.4'-thiobis(2-t-txJtyl- 
5-methyIphenol); 2,2*-thiobis(6-t-butyl-4-methylphe- 
nol); or a mixture of said compounds; and 

(iii) akxxjt 0.4 to about 1 part t)y weight of a polyeth- 
ylene glycol having a molecular weight in the range 
of about 1000 to about 100.000. 
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Desc^flption 
Technical Reld 

5 [0001 ] This invention relates to etectric power cable insulated with a polyethylene conposition having an improved 
resistance to water trees. 

Background Infonmation 

10 [0002] A typical electric power cattle gerierally conrprises one or more conductors In a cable core that is surrounded 
by several layers of polymeric material including a f irst semioonducting shield layer, an insulating layer, a second sem- 
iconducting shield layer, a metallic tape or wire shield, and a jacket. 

[0003] These insulated cables are known to suffer from shortened life when installed in an environment wtiere the 
insulation is exposed to water, e.g., underground or locations of high humicfity. The shortened life has been a Uri bu led 
IS to the formation of water trees, which occur when an organic polymeric material is subjected to an electrical f iekJ over 
a long period of time in the presence of water in liquid or vapor form. The formation of water trees is believed to be 
caused by a complex interaction of the AC electrical fieM, moisture, time, and the presence of ions. The net result is a 
reduction in the dielectric strength of the insulation. 

[0004] Mariy solutions have t)een proposed for iriaeasing the resistance of organic irisulatingrna^^ 
20 by water treeing. One solution involves the addition of polyettiytene glycol, as a water tree growth inhibitor, to a low den- 
sity polyethylene such as desait>ed in United States Patent 4.305.849. An improvement in electrical performance was 
provided by United Stales Patent 4.440.671 . The combined teachings of these patents, however, left room for improve- 
ments in processability. e.g.. scorch resistance and sweat-out. 

25 Disclosure of the Invention 

[0005] An object of this invention, therefore, is to provide a polyethylene composition, which demonstrates exemplary 
processability in its conversion to a cable insulation in terms of scorch resistance and sweat-out, and provides commer- 
cially acceptable water tree resistance and heat aging. Other objects arxJ advantages wfll k>ecome apparent hereirefter. 
30 [0006] According to the invention, a composition has been disooveredwhi<^ meets the ab^ 
[0007] The composition comprises 

(i) polyettiylene. and. based on 100 parts by weight of component (0, 

00 about 0.3 to about 0.6 part by weight off 4,4'-thlobis(2-methyl-6-t-butylphenol): 4,4'-thiobis(2-t-butyl-5-methylphe- 
35 nol); 2.2 -thiot>is(6-t-butyi-4-methytphenol); or a mixture of said conrpounds; and 

(iii) atx>ut 0.4 to at)Out 1 part by weight of a polyettiylene glycol having a molecular weight in ttie range of about 
1000 to about 100.000. 

Description of the Preffenred Embodiment(s) 

40 

[0008] Polyettiylene. as ttiat term is used herein, is a homopdymer of ethylene or a copolymer of ettiyiene and a minor 
proportion of one or more alpha-ol^ins having 3 to 12 cartxxi atoms, and preferably 4 to 8 caftx>n atoms, and. option- 
ally, a diene. or a mixture of such homopolymers and copolymers. The mixture can be a mechanical blend or an in situ 
bienti. Examples of the alpha-defm are propylene, l-txitene, l-hexene. 4-mettiyl-l-pentene, and 1-octena 

45 [0009] The polyethylene can be homogeneous or heterogeneous. The homogeneous polyettiylenes usually have a 
polydispersity (Mw/Mn) in the range of about 1 .5 to alXHit 3.5 and an essentially uniform comonomer distribution, and 
are characterized by single and relatively low DSC melting points. The heterogeneous polyethylenes. on the other 
hand, have a polydispersity (Mw/Mn) greater than 3.5 and do not have a uniform comonomer distribution. Mw is defined 
as weight average molecular weight and Mn is defined as number average molecular weight. The polyethylenes can 

so have a density in the range of 0.860 to 0.950 gram per cutric centimeter, and preferably have a density in ttie range of 
0.870 to about 0.930 gram per cubic centimeter. They also can have a melt index in ttie range of abo^ to about 50 
grams per 10 minutes. 

[0010] The polyettiylenes can be produced by low or high pressure processes. They are preferat)ly produced in the 
gas phase, but they can also t>e produced in the liquid pfiase in solutions or slurries by conventional techniques. Low 
55 pressure processes are typically run at pressures below 1 000 psi whereas high pressure processes are typically run at 
pressures ebwe 15,000 psi. 

[0011] Typical catalyst systems, which can be used to prepare these polyettiylenes. are magnesiunVtitanium based 
catalyst systems, which can be exemplified by the catalyst system descrit>ed in United States patent 4,302,565 (heter- 
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ogeneous polyethylenes); vanadium based catalyst systems such as ttiose described in United States patents 
4,508.842 (hrterogeneous polyethyienes) and 5.332,793: 5.342.907; and 5.410.003 (homogeneous polyethylenes); a 
chromium based catalyst system such as that described in United States patent 4.1 01 ,445; a metallocene cablyst sys- 
tem such as that descrfl^ed In United States patents 4,937;299 and 5.317.038 (homogeneous polyethylenes); or other 

5 transition metal catalyst systems. Many of these catalyst systems are often referred to as Ziegler-Natta catalyst sys- 
tems or Phillips catalyst systems. Catalyst systems, which use chromium or molybdenum oxides on silica-alumina sup- 
ports, can k>e included here. Typical processes for preparing the polyethylenes are also described in the aforementioned 
patentSw Typical in situ polyethylene blends and processes and catalyst systene for providing same are descrik)ed in 
United States Patents 5,371.145 and 5,405,901. The various polyethylenes can include low density homopolymers off 

10 ethylene made by high pressure processes (HP-LDPEs). linear low density polyethylenes (LLDPEs). very low density 
polyethylenes (VLDPEs), medium density polyethylenes (MDPEs), and high density polyethylene (HOPE) having a 
density greater than 0.940 gram per cubic centimeter. The latter four poly^hytenes are generally m^e by low pressure 
processes. A conventional high pressure process is desaibed in Introduction to Polymer Chemistry, StiOe, Wiley and 
Sons, New YorK 1962. pages 149 to 151 . TTie high pressure processes are typically free radical initiated pdymeriza- 

15 tions conducted in a tubular reactor or a stin-ed autodava In the stirred autoclave, the pressure is in the range of about 
1 0.000 to 30.000 psi and the tenrperature is in the range of about 1 75 to about 250 d^ees C, and in the tubular reac- 
tor, the pressure is in the range of about 25,000 to about 45.000 psi and the temperature is in the range of about 200 
to about 350 degrees C. 

[001 2] The VI-DPE can t>e a copolymer of ethylene and one or more alpha-deftns having 3 to 1 2 cartxHi atoms and 
20 preferably 3 to 8 cartx>n atoms. TTie density of the VLOPE can be in the range of 0.870 to 0.91 5 gram per cubic centim- 
eter. It can be produced, for example, in the presence of (i) a catalyst containing chromium and titanium, (ii) a catalyst 
containing magnesium, titanium, a halogen, and an electron donor; or (iii) a catalyst containing vanadium, an electron 
donor, an alkyi aluminum hafide modifier, and a halocartxHi promoter. Catalysts and processes for making the VLDPE 
are descrat>ed. respectively, in United States patents 4.101.445; 4,302.565; and 4,508,842. The melt index of the 
25 VLDPE can be in the range of atx>ut 0.1 to about 20 grams perlO minutes and is preferat}ly in the range of about 0.3 
to about 5 grams per 10 minutes. The portion of the VLDPE attritxited to the comonomer(s), ottier than etfrylene. can 
be in tiie range of about 1 to about 49 percent by weight based on the weight of the copolymer and is preferably in the 
range of about 15 to about 40 percent by weight A third comonomer can t>e included. e.g.. another alpha-olefin or a 
diene such as ethylidene norbomene. butadiene. 1,4-hexadiene. or a dicyctopentadiena Ethy1ene^|3ropylene copoly- 
30 mers and ethylene/jpropylene/diene terpolymers are generally referred to as EPRs arvJ the terp>olymer is generally 
referred to as an EPDM. The third comonomer can be present in an amount of atx)ut 1 to 15 percent by weight based 
on the weight of tiie copolymer arxJ is preferably present in an amount of atx)ut 1 to about 10 percent by weight It is 
preferred ttiat the copolymer contain two or three comonomers inclusive of ethylena 

[001 3] The LLDPE can include the VLDPE and MDPE, whk:h are also linear, but. generally, has a density in the range 

35 of 0.91 6 to 0.925 gram per cubic centimeter. It can be a copolymer of ethylene and one or more alpha-olefins having 3 
to 12 cartx)n atoms, and preferably 3 to 8 carbon atoms. The melt index can t>e in the range of about 1 to about 20 
grams per 10 minutes, smd is preferably in the range of about 3 to about 8 grams per 10 minutes. The alpha-olefins can 
be the same as those mentioned atxsve, and ttie catalysts and processes are also the same subject to variations nec- 
essary to obtain the desired densities and melt indices. 

40 [001 4] As noted, included in the definition of polyethylene are homopolymers off ethylene made by a conventional high 
pressure process. The homopdymer preferably has a density in the range off 0.910 to 0.930 gram per cubk; centimeter. 
The horTK3polymer can also have a melt index in the range of atx>ut 1 to atxHit 5 grams per 10 minutes, and preferat)ly 
has a melt index in the range of about 0.75 to about 3 grams per 10 minutes. Melt index is detenmined under ASHA 0- 
1238. Condition E. It Is measured at 190 degrees C and 2160 grams. 

45 pmsi Component (ii) is 4.4'-thk)bis(2-methyl-e-t4xitylphenoQ; 4.4'-thiobis(2-t-butyl-5-metr^enol); 2,2*-ttiiobis(64- 
butyl-4-methytphenol); or a mixture of said compounds. The amount of component (ii) that can be in the composition of 
the invention is in the range of atxxit 0.3 to atx>ut 0.6 part by weight based on 100 parts by weight of component (i). It 
should be noted tfmt this amount is the total amount of component (iO regardless of whether it is a single compound or 
a nrnxtureof twoor more oonpounda 

50 [0016] Generally, ttie polyetfiytene glycol is defined by its molecular weigtrt, which can be in the range of about 1000 
to about 1 00.000. and is preferably in the range of about 5000 to about 35,000. The optimum moleodar weight is 20,000 
(prior to processing). It will be understood by those skilled in ttw art that processing the polyethylene glycol reduces its 
molecular weight by one third to one half. It will be further understood that the polyethylene glycol can be in ttie form of 
for example, a copolymer of ethylene glycol and ettrylene or in any ottier form, compound or polymer, which provkjes 

55 the same functionality as polyethylene glycol. Polyettiylene ^ycol is a polar compound, which can be represented by 
the formulas HOCH2(CH20CH2)nCH20H or HO(C2H40)nH wherein, for example, n can be 225 to 680. This translates 
into a molecular weight in the range of about 10.000 to atx>ut 35.000. The anvHint of polyethylene glycol tfiat can be in 
the composition is a range of about 0.4 to about 1 part by weight based on 1 00 parts weight of component (i). 
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[0017] It wiii be understood that, rf one or more additional resins are introduced into the compositi n. the amounts of 
components (ii) and (iii) will be t>ased on 100 parts by weight of the total resins in the composition. These resins can be 
various polyethylenes or pdypropylenes, or other polymer additives commonly used in wire and cabia 
[0018] Conventional additives, which can be introduced into the polyethylene Ibrnnjiation, are exemplified by antioxi- 

5 dants, coupling agents, ultraviolet absorbers or stabilizers, antistatic agents, pigments, dyes, nucleating agents, ren- 
fordng fillers or polymer additives, slip agents, plastidz rs, processing aids, lubricants, viscosity control agents, 
tackif iers, anti-blocking agents, surfactants, extender oils, metal deactivators, voHage stat>tlizers. flame retardant fOlers 
and additives, crosslinking agents^ boosters, and catalysts, and smoke suppressants. Rllers and additives can be 
added in amounts ranging from less than about 0.1 to more than atXMJt 200 parts by weight for each 100 parts by weight 

10 of the base resin, in this case, polyettiylena 

[001 9] Examples of antioxidants are: hindered phenols such as tetrakis[methylene(3.5<li-tert--butyl-44iydroxyhydroc* 
innamate}]methane, bis[(beta-(3,5Kjrtert4xjty1-4-hydroxyt>erizyQHTi^hylcarbGKyethyQ^I^ and thiodiethylene 
bis(3,5-dhtert-butyl-4-hydrQxy)hydrocinnamate: phc^phites and phosphonites such as tris(2,4<fi-tert4xftylphenyl)phos- 
phite and di-tert-txitytphenyl-phosphonite; thk> compounds such as dilaurylthiodv)ropionate, dimyristylthiodipropionate. 

IS and distearytthiodipropionate; various sitoxanes; and various amines such as polymerized 2.2.4'trimethyl-1,2-dihydro- 
quinoline ard dSphenylamines. Antioxidants can be used in amounts of about 0.1 to about 5 parts by weight per 100 
parts by weight of polyethylena 

[0020] TTie resin. i.a. component (i). can be crosslinked by adding a crossb'nking ^ent to the composition or by mak- 
ing the resin hydrolyzable. which is accomplished by adding hydrolyzaUe groups such as ^*(OR)3 wherein R is a 
20 hydrocari^yl radical to the resin structure through grafting. It is prefenred that the resin be crosslinked and that it be 
crosslinked with an organic peroxide. 

[0021 1 The crosslinking of polymers with free radical initiators such as organic peroxMes is well kruawn. Generally, the 
organic percodde is incorporated into the polymer by melt k)lending in a roll mill, a biaxial screw kneading extruder, or a 
Banbury^ or Brat)ender™ mixer at a temperature lower than the onset temperature for significant decomposition of the 

25 peroxide. Peroxides are judged for decomposition based on their half life temperatures as described in Plastic Additives 
Handbook. Qachter et al, 1985, pages 646 to 649. An attemative method for organic peroxide incorporation into a pol- 
ymeric compound is to mix liquid peroxide and pellets of the polymer in a blerxiing device, such as a Henschel™ mixer 
or a soaking device such as a simple drum tumbler, whk:h are maintained at temperatures atxive the freeze point of the 
organic penndde and below the decomposition temperature of the organk; peroxkle and the melt tenperature of the pol- 

30 ymer. Folkswing the organic peroxkle incorporation, the polymer/organic peroxide blend is then, for example, introduced 
into an extruder where it is extruded around an electrical conductor at a temperature lower tfian the decomposition tem- 
perature of the organic percsdde to form a csbHe. The cable is then exposed to higher temperatures at whk^h the organic 
peroxide decomposes to provide free radicals. whk;h crosslink the polymer. 

[0022] Suitable crosslinking agents are organk: peroxides such as cficumyl peroxkle; 2,5<limethyl- 2,5<li(t-butyl|per- 

3S oxy)hexane: t-butyl cumyl peroxide; and 2,5-dinriethyl-2.5-di(t-butylperoxy)hexane-3. Dicumyl peroxkje is preferred. 
[0023] Hydrolyzable groups can be added, for example, by grafting an ethylenically unsaturated compound having 
one or more - Si(0R)3 groips such as vinyttrimethoxysilane, vinyttriethoxysilane. and gamma-metfiacrylcxypropyttri- 
methoxy-silane to the homopdymer in the presence of the aforementioned organk: peroxkles. The hydrolyzable resins 
are then crosslinked by nraisture in the presence of a silanol condensation catalyst such as dibutyltin dilaurate. dioctyltin 

40 maleate, dbutyltin (fiacetate, stannous acetate, lead naphtfienate. and zinc caprylate. Dibutyltin dilaurate is preferred. 
[0024] Examples of hydrolyzable grafted copolymers are vinyttrimethcxy sflane grafted etfiylene homcpolymer, .... 
vinyttriethoxy silane grafted ethylene homopolymer. and vinyttrbutoxy silane grafted ethylene homcpolymer. .... 
[0025] A cable using the composition of the invention can be prepared in various types of extruders, ag., single or 
twin screw types. CompourxJing can t>e effected in the extruder or prior to extrusion in a conventional mixer such as a 

45 Brak)ender™ rraxer or a Banbury™ mixer. A description of a conventional extruder can be found in United States patent 
4,857,600. A typical extruder has a hopper at its upstream end and a die at its downstream end. The hopper feeds into 
a ban^el. which contains a screw. At the downstream end, t>etween the end of the screw and the dia is a saeen pack 
and a breaker plate. The screw portion of the extruder is considered to be divided up into three sections, the feed sec- 
tion, the compression section, and the metering section, and two zones, the back heat zone and the front heat zone. 

so the sections and zones running from i9)stream to downstream. In the alternative, there can be multiple heating zones 
(more than two) along the axis running from upstream to downstream. If it has more than one t>arrel. the barrels are 
connected in series. The length to diameter ratio of each barrel s in the range of atx)ut 1 5: 1 to atx)ut 30:1 . In wire coat- 
ing, where the material is crosslinked with an organic peroxkle after extrusion, the cfie of the crosshead feeds directiy 
into a heating zone, and this zone can t>e maintained at a temperature in the range of atx>ut ISO^'C to atx>ut 260^*0. and 

55 pr^eraUy in the range of about 1 70*^0 to about 220''C. 

[0026] The advantages of the invention lie in the improved processability of the composition into a cable in terms of 
scorch resistance and reductk>n in sweat-out In addition, heat aging and water tree growth resistance ar as good or 
better than commercially available materials. 
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[0027] In certain polyethylene conrpositions. 4,4'-thiobis(2-methyl-&-t-biityl phenol) and 2»2*'thiobis(6-t-butyl-4-meth- 
ytphenol) have been found to cause a color problem, which. In spite of their scorch inhO^itor qualities can be conruner- 
dally unacceptabia This problem is solved by adding hydroquinone or a suk)stitut6d hydroquinone In a suffident 
amount to inhibit color formation. DetaDs can be found In a United States patent application fOed on the same date as 
5 subject pat nt application tyy Michael J. Keogh for A Crosslinkable Pdyolefin Conriposition (D-17874) k>earing serial 
number . 

[0028] The term "surrounded" as It applies to a sut)stFate t>eing surrounded by an insulating conposition, jacketing 
material, or other catile layer is considered to Include extruding around the sut)6trate; coating the substrate; or wrapping 
around the siiistrate as is well known by those skilled in the art The 8ut)8trate can indude, for example, a core indud- 
10 ing a conductor or a bundle of conductors, or varioi^ underlying cable layers as noted above. 

[0029] All mdecular weights mentioned in th^ specification are weight average molecular weights unless otherwise 
designated. 

[0030] The patents, patent application, and publication mentioned in this specification are Incorporated by reference 
herein. 

IS [0031] The invention is illustrated by the following examples. 
Examples 1 to 17 

[0032] In the examples, the balance of each formulation. In percent by weight, is an ethylene homopolymer having a 

20 density of 0.92 gram per cubic centimeter and a melt index of 2 grams per 1 0 minutes, and is prepared by a high pres- 
sure process. All amounts are given in percent by weight based on the weight of the total formulation. PEG = polyeth- 
ylene glycol having a mdecular weight before processing of 20,000. Stabilizer A » 4,4*-thiobis-(2-tert4xjtyl-5-methyt- 
phenol. Stabilizer B » 4.4 -thlobis(2-methyl-G-t-butytphend). Dicumyl peroxide is present in the formulations of exam- 
ples 1 to 7 and 15 to 17 in an amount of 1.95 percent by weight It is present in the formulation of example 14 in an 

2S amount of 1 .75 percent by wei^. 

[0033] The resistance of Insulating compositions to water treeing is determined by the method descrbed in United 
States Patent 4,1 44^02. This measurement leads to a value for water tree resistance relative to a standard polyethyl- 
ene Insulating material. The term used for the value is %vater tree growth rate" (WTGR). It is found that the WTGR is at 
a commercially aoceplak)le levd. 

30 [0034] The honxipolymer is compounded with PEG in a two rdl mill operating at 24 revolutions per minute (rpm) on 
the front roll and 36 rpm on the back rdl and a temperature of 125 to 130 degrees C on the two rdls for about 10 min- 
utes. The procedure involves preheating the resin to 70 degrees C in an oven; fluxing the resin as quickly as possble 
on the two rdl mill (atxxit 3 to 4 minutes); adding PEG and 4,4'-ttiiobis-(2-tert-txityl-5-mettiyl-phenol) and fluxing for an 
additional 3 to 4 minutes; and then adding the peroxide and fluxing, peding. and folding until well mixed. Suff k:ient 

35 dicumyl peroxide is introduced into each composition to provide an osdllating disk rheometer (5 degree arc at 360 
degrees F) reading of 46 inch-pound. Each composition is then removed from the two rdl mill as a aepe and diced and 
mdded into one inch discs which are 0.25 inch thick in a press in two steps: 



40 





Initial step 


final step 


pressure (psO 
temperature (*C) 

residence time (minutes) 


2.000 
120 

9 


40.000 
175 

15 to 20 



[0035] Each plaque is tested for VfTGR and the results compared with a control pdyethylene composition, which 
exh9)its 1 00 percent WTGR. Variables and results are set forth in Table I. 

50 



Table I 



Exanple 


1 


2 


3 


PEG 


0.4 


0.6 


0.8 


Stabilizer A 


0.4 


0.4 


0.4 


WTGR(%) 


40 


25 


16 



5 
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[0036] The following formulations are prepared on a laboratory twin screw mixer using a mixing melt temperature of 
200 degrees C followed by peroxide adcfition to effect crosslinking. Th crosslinked material is tfien compression 
molded (using the condition described in WTQR sample preparation) into a laboratory plaque from which dog bone 
spedmens as de8crft>ed in ASTM D-638 are prepared. Ttie elongation property of the samples Is tested without aging 
5 and after aging for 2 weeks in an air drculating oven at a temperature of 150 degrees C following ASTM D-638. The 
criterion for passing this test is to retain greater than 75 percent elongation properties after this aging protocol. As 
shown in Table II. the minimum level of 4,4'-tHobfS-(2-tert-butyl-5-methyli3henol) needed to meet this requirement is 
greater than 0.25 weight percent The data demonstrates that 0.375 weight percent 4,4'-thiobis-(2-tert-butyl'5-methyt- 
phenol) meets this criterion with 0.4 and 0.6 waght percent PEG. See Table II for variables and results. 

10 



Table II 



IS 



Ex. 


4 


5 


6 


7 


PEG 


0.4 


0.4 


0.6 


0.6 


Stabilizer A 


0.25 


0.375 


0.25 


0.375 


ReLOffElong.(%r 


35 


95 


4 


88 



Retention of Elongation after aging in an air circulating oven 
20 at 150 degrees C for 2 weeks. 



[0037] To measure the scorch (pre-cure during extrusion) resistance of the homopolymer of etfiylene as prepared for 
examples 1 to 3. an instmment caDed Moving Die Rheometer (MDR) 2000, described in ASTM D-5289, and an Rdbber 

25 Process Analyzer (RPA) 2000, manufactured by Alpha Technologies, are used here for illustration. The MDR Mh is the 
maximum torque which represents the total cure measured on a sample and is directly related to the total amount of 
active peroxide in the polymeric formulations. For accurate comparison of a materiars scorch characteristks, the MDR 
Mh's should be comparabla Test concfitions used for evaluating total cure bf MDR are: 182 degrees C; 0.5 degree arc; 
100 cycles per minute oscillation; 12 nnnutes test tima Torque is reported in units of poundsnnch (Ibs-in). As seen in 

30 Table III, the total cure level of examples 8 and 9 to 13 are approximately comparat)le. The RPA was utilized to evaluate 
the material's resistance to scorch at actual extrusion condtions. This testing is conducted using conditions of 150 
degrees C; 2.5 degree arc; 200 cycles per minute osditation; 30 minutes test time. The resistance to scorch under these 
sinruilated extrusion conditions is gauged by the the RPA's Tsl, which is the time required for the torque to reach 1 lb- 
in above the minimum torque. Under these testing corxfitions. the higher the Tsl value, the higher the resistance to 

35 scorch. As can be seen in Table 111, the fornrulations wHh 0.3 percent or higher of stabilizer A or B result in signifk»fit 
inprovement in scorch resistance by 1 8 percent or higher. The variables and results are set forth in Table III. 



Table 111 



40 



45 



Ex. 


8 


9 


10 


11 


12 


13 


PEG 


0 


0.6 


0.4 


0.6 


0.4 


0.6 


Stabilizer A 


0.18 


0.18 


0.30 


0.375 


0 


0 


Stabilizer B 


0 


0 


0 


0 


0.30 


0.375 


DCP* 


1.70 


1.85 


1.90 


1.90 


2.05 


2.20 


MDR Mh (Ibs-in) 


3.12 


3.26 


3.32 


2.96 


3.12 


2.88 


RPA Tsl (win) 


9.48 


8.19 


29.49 


33.86 


34.28 


38.79 



* DCP a dicumyl peroxide 



[0038] In order to test for additive sweat out (blooming to pellet surface), which can cause extrusion problems such 
as loss of output or diameter variation, a method involving washing 100 grams of pellets with 100 millimeters of meth- 
55 anol for 1 minute is used. The methanol is decanted after filtering through a 1 micron polypropylene f flter. and is ana- 
lyzed by High Pressure UquM ChronrKrtography (HPLC) for 4,4'-thx)biS'<2-tert-butyl-5-metfiyl-phenol) concentration. As 
shewn in the data, the presence of PEG helps to solubilize the 4.4'-thiobis-<2-tert-butyt-5-methyl-|)henoO in the ethylene 
honrx)polymer thus reducing its sweat out by two orders of magnitude after corKlitioning at 50 degrees C for 8 weete. 
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The variables and results are set forth in JabUe IV. 



Table IV 



Ex. 


14 


15 


16 


17 


PEG 


0 


0.4 


0.6 


0.8 


Stabilizer A 


0.18 


0.375 


0.375 


0.375 


Sweat out (ppm) 


greater than 600 


2 


1 


1 



Concentralion of Statiilizer A sweat out after 50 degrees C for 8 weeks 
in parts per inilliofi (ppm). 



IS Claims 

1. Aoonrpositionconrprising: 

(i) a polyethylene, and, based on 1 00 parts by weight of component (1). 
20 00 0.3 to 0.6 part by weight of 4.4-thiobis(2-fnethyl-6-t-butylphenol); 4.4*-thiGbis (2-t-biJtyi-5HfnethylphenoO; 

2,2'-thiobls (6-t-butyi^niethylphenol); or a mixture of said compounds; and 
OH) 0.4 to 1 part by weight off a polyettiylene glycol having a molecular weight of 1000 to 100,000. 

2. The composition defined in claim 1 wherein component (iQ is 4.4 -thiobis(2-methyl-6-t-buty1phenol). 

25 

3. The composition defined in claim 1 wherein component (ii) is 4,4'-thiobis(2-t-butyl-5-metfiyiphenol). 

4. The composition defined in daim 1 wherein component Q\) is 2.2 -thiobis(6-t-butyl-4-methylphenol). 

30 5. The composition defined in any one of claims 1 to 5 wherein the polyetfiylene glycol has a molecular weight off 5000 

to 35,000. 

6. A composition comprising: 

35 (i) a homcpolymer of ethylene made by a high pressure process having a density of 0.910 to 0.930 gram per 

cut^ic centimeter and a melt index of 1 to 5 grams per 10 minutes, and, t>ased on 100 parts t>y weight of com- 
ponent (i), 

Cii) 0.3 to 0.6 part by weight of 4.4'-thiobis(2Hfnethyl-6-t-butytphenol); 4,4'-thiobis (2-t-butyl-5-methytphenol); 
2.2 -Ihiobis (6-t-butyl-4-me1hylphenol); or a mixture of said compounds; and 
40 (iiQ 0.4 to 1 part by weight of a polyethylene glycol having a molecular weight of 5000 to 35.000. 

7. A cable comprising one or more electrical corxJuctors or a core of electrical conductors, each conductor or core 
k)eing surrourvJed by a layer of a composition as defined in any one of claims 1 to 6. 
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